Abstract
M a n u s c r i p t not only would this study pave a better way for further GBTs application and development in 116 the US, but could also serve as a valuable reference for other underdeveloped markets (Chan 117 et al., 2009).
118
The remainder of the paper is structured into the following sections. The next section 
Green innovation 129
Innovation is "any idea, practice, or material artifact perceived to be new to the relevant 130 adopting unit" (Czepiel, 1974, p. 173 ). In the adoption and diffusion of innovations theory, Thus, 'GBTs' is a branch of green innovation in the construction industry, whose adoption 143 issues remain the main focus of this study. Ahmad et al. (2016) 
148
To conduct this study, it is critical to examine previous GB-related studies. The following 149 sections present literature reviews on GB barriers, drivers for GB, and strategies to promote 150 GB. India. As cost is widely recognized in the literature, it will be included as one of the potential 173 barriers.
174
In construction, cost and time are closely related, as they are both essential in measuring 175 project performance and success (Chan and Kumaraswamy, 2002) . As a barrier to the 176 adoption of green innovations, longer implementation time has been ranked second, just after The lack of knowledge and awareness of GB and its associated benefits is also pointed 185 out by various researchers as a crucial barrier to the innovation adoption. In addition to cost, 
232
After a careful examination of the existing literature relating to GB barriers, a variety of 233 factors that have the potential to hamper the adoption of GBTs were identified. Table 1 234 provides a list of 26 factors that are well documented and, hence, more applicable. Rowlinson
235
(1988) suggests that for a research study, well-known factors are more applicable, because 236 respondents could be able to respond easily. As they are more applicable, examining them 237 would be more useful for gaining a deeper understanding of the real barriers that inhibit
238
GBTs adoption (Cheng and Li, 2002) . In this paper, these underlying factors will be 239 examined in terms of their criticality in preventing wider adoption of GBTs, as seen from the 240 perspectives of US GB experts. Table 1 242 Potential barriers to GBTs adoption.
241

243
Code
Barrier factors b01
Higher costs of GBTs b02
Lack of GBTs databases and information b03
Lack of GB expertise/skilled labor b04
Lack of knowledge and awareness of GBTs and their benefits b05
Lack of government incentives/supports for implementing GBTs b06
Lack of reliable GBTs research and education A c c e p t e d M a n u s c r i p t b07  Fewer GB codes and regulations available  b08  Insufficient GB rating systems and labelling programs available  b09  Unfamiliarity with GBTs  b10  High degree of distrust about GBTs  b11  Conflicts of interests among various stakeholders in adopting GBTs  b12  Lack of interest and market demand  b13  Implementation of GBTs is time consuming and causes project delays  b14 Resistance to change from the use of traditional technologies b15
Complexity and rigid requirements involved in adopting GBTs b16
Lack of promotion b17
Lack of importance attached to GBTs by leaders b18
Risks and uncertainties involved in implementing new technologies b19
Difficulties in providing GB technological training for project staff b20
Lack of technical standard procedures for green construction b21
Lack of available and reliable GBTs suppliers b22
Lack of financing schemes (e.g. bank loans) b23
High market prices, rental charges, and long pay-back periods of GBs b24
Lack of availability of demonstration projects b25
Limited experience with the use of non-traditional procurement methods b26
Lack received relatively considerable attention in the literature was compiled for this study (Table   304 2).
305 Table 2 306
Potential drivers for adopting GBTs.
307
Code Driver factors d01 Reduced whole lifecycle costs d02
Greater energy-efficiency d03
Greater water-efficiency d04
Improved occupants' health, comfort, and satisfaction d05 Improved productivity d06
Reduced environmental impact d07
Better indoor environmental quality d08
Company image and reputation/marketing strategy d09
Better workplace environment d10
Thermal comfort (better indoor temperature) d11
High rental returns and increased lettable space d12
Attract premium clients/increased building value A c c e p t e d M a n u s c r i p t d13 Reduced construction and demolishing wastes d14
Preservation of natural resources and non-renewable fuels/energy sources d15
Set standards for future design and construction d16
Reduced use of construction materials d17
Attract quality employees and reduce employee turnover d18
Commitment to social responsibility d19
Facilitate a culture of best practice sharing d20
Efficiency in construction processes and management practices d21
Improved performance of the national economy and job creation 308
Strategies to promote GB
309
There are a number of strategies to promote the adoption of green innovations. For behaviors of consumers have a significant influence on GB promotion, strengthening 343 publicity and education may be an efficient and effective way to enhance public awareness of 344 environmental sustainability as well as customers' willingness to pay for GBs (Zhang, 2015) .
345
In their study on GB promotion in China, Li et al. (2014a) proposed the following strategies 346 to promote GB: to enhance the awareness of the stakeholders, to strengthen technology 347 research and communication, and codes and regulations.
348 Table 3 lists a total of 12 potential strategies to promote the adoption of GBTs. Although 349 several studies were considered, these strategies were identified based mainly on the works of understand the most important strategies to promote the adoption of GBTs in construction.
355 Table 3 356
Potential strategies to promote the adoption of GBTs.
357
Code Promotion strategies p01 Financial incentives and further market-based incentives p02
Mandatory GB codes and regulations p03
Green labelling and information dissemination p04
Better enforcement of GB policies p05
Low-interest loans and GB subsidies p06
Public environmental awareness creation through workshops, seminars, and conferences p07
More publicity through media (e.g., print media, internet, and radio and television programs) p08
Educational programs for developers, contractors, and policy makers related to GBTs p09
Availability of better information on cost and benefits of GBTs p10
Competent, active, and proactive GBTs promotion teams/local authorities p11
Availability of institutional framework for effective implementation of GBTs p12
A strengthened GB technology research and education, and communication of new technologies
358
The literature reviews above summarize past studies about the implementation of green barriers to the adoption of GBTs (see Table 1 ), a list of potential drivers for adopting GBTs
Motivation for this research
415
(see Table 2 ), and a list of potential strategies to promote the adoption of GBTs (see Table 3 ).
416
The experts were requested to evaluate the degree to which each factor was a critical barrier 417 to GBTs application using a five-point scale (1 = not critical and 5 = very critical). In terms 418 of the main drivers for implementing GBTs, the experts were asked to express their 419 professional opinions using a five-point scale (1 = strongly disagree and 5 = strongly agree).
420
Finally, the experts were asked to rate the importance of various strategies according to their results that are easy to interpret (Ekanayake and Ofori, 2004 (21.2%) had 6 to 10 years of experience, and only 6 (18.2%) had 1 to 5 years of experience.
469
Furthermore, all of the experts had been involved in activities related to adoption of GBTs 470 before, with 25 (75.8%) of them having direct experience in GB projects.
471
In order to measure internal consistency among the various factors to assess the reliability which were all greater than the threshold of 0.7, indicating that the measurements using the 475 five-point scales were reliable at the 5% significance level (Nunnally, 1978 
Ranking of barriers inhibiting the adoption of GBTs
508
The experts were requested to rate the criticality of 26 factors in hindering the adoption of
509
GBTs. The results of the experts' perceptions are shown in implementation. The first, as ranked by the experts, is "resistance to change from the use of their benefits" and "higher costs of GBTs" have the same mean scores. However, the SD of 516 "lack of knowledge and awareness of GBTs and their benefits" is 0.740, which is lower than 517 that of "higher costs of GBTs," which is 1.166. Therefore, "lack of knowledge and awareness 518 of GBTs and their benefits" (mean = 3.88, SD = 0.740) is ranked second, and "higher costs of
519
GBTs" (mean = 3.88, SD = 1.166) is ranked as the third most critical barrier. The fourth-and 520 fifth-ranked barriers are "lack of GB expertise/skilled labor" (mean = 3.73) and "lack of 521 government incentives/supports for implementing GBTs" (mean = 3.67), respectively. It is 522 interesting to note that "implementation of GBTs is time consuming and causes project 523 delays" (mean = 2.55, rank 24) was ranked very low as a barrier to applying GBTs. This is in M a n u s c r i p t 
530
Concordance test on the barriers among the experts.
532
Ranking of drivers for adopting GBTs
533
The experts were also asked to rank the major drivers for implementing GBTs. The 534 results are summarized in Table 5 . The significance levels from t-test analysis show that only 535 one out of the 21 factors rated by the experts is insignificant. Moreover, the mean scores of 536 all the factors are above 3.00 (the average of the rating scale). These results suggest that, 537 overall, the factors considered in this study play important roles in driving the adoption of A c c e p t e d M a n u s c r i p t
24
GBTs in the construction industry. As shown in Table 5 , "greater energy-efficiency" (mean = 539 4.64) is ranked first, suggesting that energy saving, along with reduced CO 2 emissions, was 540 perceived as the prime reason for deciding to apply GBTs. The experts agreed that the second 541 major driver is "greater water-efficiency" (mean = 4.33), followed by "company image and 542 reputation/marketing strategy" (mean = 4.18), "improved occupants' health, comfort, and 543 satisfaction" (mean = 4.15), "reduced environmental impact" (mean = 4.12), "reduced whole processes and management practices" (mean = 3.09).
548 Table 5 549 
Ranking of drivers for adopting GBTs, t-test, and test of concordance.
Ranking of strategies to promote GBTs adoption
M a n u s c r i p t technologies" (mean = 3.88), and "educational programs for developers, contractors, and 561 policy makers related to GBTs" (mean = 3.88).
562 Table 6 563
Ranking of strategies to promote GBTs adoption, t-test, and test of concordance. 
609
Therefore, a lack of knowledge and awareness of GBTs cannot provide sufficient confidence 610 to encourage most construction stakeholders to adopt GBTs.
611
As expected, 'higher costs of GBTs' was ranked high amongst the barriers to 612 implementing GBTs in the US; it was ranked as the third most critical barrier by the experts.
613
The high criticality of cost in inhibiting the widespread adoption of GBTs is supported by the technology. The lack of knowledge and understanding of the real costs and benefits of GBTs 622 might be one of the key issues exaggerating the concern about cost.
623
Another critical barrier is the 'lack of GB expertise/skilled labor' (ranked fourth),
624
resulting from a shortage of GB education and training efforts in the construction sector. On GBTs in the US.
635
The fifth ranked barrier was 'lack of government incentives/supports for implementing
636
GBTs', which provides evidence that this barrier was emphasized by the experts, as they see government support, then it would be difficult for them to bear the higher costs of GBTs.
648
Without sufficient government support, the expected economies of scale in GBTs are difficult 649 to achieve in the current market mechanism.
650
An interesting finding is that the experts did not perceive 'implementation of GBTs is building energy efficiency is a critical effort to dramatically reduce unstainable energy needs.
681
This study suggests that stakeholders place value on the application of GBTs, because it helps 682 them achieve high energy-efficient buildings. Today, stakeholders are seeking ways to reduce reasons for stakeholders to be reluctant to innovate, the provision of more attractive and M a n u s c r i p t 33 encouraging incentives could not only be a solution to the lack of incentives and higher cost 746 barriers, but also to the resistance to change which has become the most critical barrier to the 747 adoption of GBTs (see Table 4 ). system performance, and benefits can also catalyze the adoption of GBTs. have had some years of experience in the adoption of GBTs.
867
There are some limitations of this study that warrant future research attention. First,
868
although the sample size was adequate to conduct statistical analysis, it is appreciated that it 869 is nevertheless a relatively small sample. Future research is required to employ a larger M a n u s c r i p t paper.
885
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